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12.1.1 GENERAL OVERVIEW
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octahedral complex w/ 1r-accepting ligands (like fac-Ir(ppy);, Ru(bpy)s...)

Arias-Rotondo Chem Soc Rev 2016 45, 5803. DOI: 10.1039/C6CS00526H
MacMillan Chem Rev 2013 113, 5322. DOI: 10.1021/cr300503r
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12.2.1 LIGAND PHOTODISSOCIATION

* For better control of stoichiometry in ligand substitution
(i.e. further substitution of THF after photolysis)

 Most common CO dissociation (usually w/ UV)

« Used to be considered a ligand-field d-d transition
(unoccupied d to o*) -> weakening M-L bond...
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12.2.2 LIGAND PHOTODISSOCIATION MECHANISM

Actual mechanism is more complex
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Figure 5.6.

Top: Electron promotion initially
thought to occur upon photolysis of
an octahedral d complex. Bottom:
Mixing of excited states that are now
thought to more accurately reflect the
events that occur after photolysis of
metal-carbonyl compounds, such as

M(CO), (M = Cr, Mo, and W),




12.3.1 POD1

Ru(bpy);(PFg), is one of the most common photoredox catalyst.
a) Provide the oxidation state, d-electron count, and overall electron count for this complex.

b) Propose a synthesis of this complex from inexpensive commercially available starting materials.

Photochemical Properties

7 Absorption Apax: 454 nm
| e = 14,600 M-! cm-"
AN \N AN Excited State: SMLCT
‘ | Triplet Energy: 2.12 eV
/N\l N A T (MeCN): 1100 ns
Ru?* Emission Ayax: 605 nm
| | Redox Properties
X Ne XY Eqp (Ru2*/Ru3*) = +1.29 V vs. SCE
| Ey» (RuZ*/Ru*) = -1.33 V vs. SCE
Z E1j» (Ru3*/*Ru2*) = -0.81 V vs. SCE

E45 (*Ru?*/Ru*) = +0.77 V vs. SCE
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12.3.2 Ru(bpy), ABSORPTION BANDS
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12.3.3 Ru(bpy),— EXCITED STATE

hv

f

reductant

Arias-Rotondo Chem Soc Rev 2016 45, 5803. DOI: 10.1039/C6CS00526H
MacMillan Chem Rev 2013 113, 5322. DOI: 10.1021/cr300503r
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12.3.4 Ru(bpy);— PHOTOCHEMISTRY
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12.3.5 EXCITED STATE QUENCHING — STERN-VOLMER ANALYSIS

Lifetime of the excited state
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Noel ACIE 2018 57 11278. DOI: 10.1002/anie.201805632
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POD #2

For the reaction below, predict the product(s) and propose a plausible mechanism.

2.5 mol% Ru(bpy)3Cl>*6H,0

“ 0 FtO,C COLEt 1% Ru(bpy)oCly
equiv i-Pr
\\/\OJ\rPh + I\/lE d 2 - ?
Cl M N Me

e DMF, rt, h
H v
1.1 equiv
. Ru(l X
e
— Ru() . J\RZ "
Ru(ll)* R'"” "R? R' = Alkyl, Aryl
Ru(ll) R? = Aryl, EWG
Q RN . X = Cl, Br
"H "
R3
carbon bond i H reduction
f ti ]
ormation g2 ot J\R2 (this work)

Stephenson JACS 2009, 131, 8756. DOI: 10.1021/ja9033582
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POD #3

Consider the following three octahedral ruthenium(ll) complexes. Order them in terms of excited state
reduction potential.

« EWG -> more oxidizing

 EDG -> more reducing
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12.3.5 HETEROLEPTIC Ir PHOTOCATALYSTS

[Ir(Fmppy)(dtbbpy)]* [Ir(dFmppy) (dtbbpy)]*
Ir(IV)/Ir(lIl*) = —0.94 V vs SCE Ir(IV)/Ar(III*) = =0.92 V vs SCE
Ir(IE(ll) = +0.77 V vs SCE Ir(*)/Ir(I1) = +0.97 V vs SCE

[ LUMO (Reduction))

HOMO (Oxidation)
[Ir(ppy)(dtbbpy)]PFg Ru(bpy)3(PFe)2
Emission Max = 581 nm Emission Max = 605 nm
Emission Quantum Yield (¢) = 23.5 % Emission Quantum Yield (¢) = 6.2 %

[Ir(ppy)2(dthbpy)]* [Ir(dF(CF3)ppy)(dtbbpy)]*
Ir(IV)/Ir(Ill*) = —0.96 V vs SCE IF(IV)/r(II1*) = =1.21 V vs SCE
Ir(I*)/r(ll) = +0.66 V vs SCE Ir(I1*)/1r(ll) = +0.89 V vs SCE
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12.3.5 HETEROLEPTIC Ir PHOTOCATALYSTS
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'Elfg(‘c““) Ry = F (CN73) =
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; -
R, = F (CN3) By=Br(cnz9) L ,NOR1
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R, = Br (CNS) R, = Ph (CN63) Ry= H (CN21)

L SEN (oY RizHIEN7L) o F (ento2)
R, = OCH; (CN9) R, = F (CN74) ’
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,=OCH; (CN46) R, =Br (CN81)
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Ry = F (CN14) R: CH; (CN33) g - OCH, (CN34)
R, = CH, (CN54)

Ry = OCH; (CN35) g, - ¢l (cN38)
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| (cNe69) ‘/j\> (cN28)
/

R4 R4
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Bernhard, JACS 2022 144, 1431. DOI: 10.1021/jacs.1¢c12059

MAX PLANCK INSTITUTE OF COLLOIDS AND INTERFACES |

Ph
4 Ph
L WY
N_N\__— N
e

v Strong Absorption
v' Potent photo-oxidant
v" Molecular Flexibility

DARIO CAMBIE, BIOMOLECULAR SYSTEMS, HOMOGENEOUS CATALYSIS | 2022

g

v' Weak Absorption
v' Potent photo-oxidant
v" Molecular Flexibility

v" Molecular Flexibility

oS

Na
N’\/

@ 0 Ir16

v" Weak Absorption

v" Molecular Rigidity

-(/ /Z /3
Ir22

v Strong Absorptlon
v" Weak photo-oxidant
v" Molecular Rigidity



https://doi.org/10.1021/jacs.1c12059

12.3.5 PHOTOPOLYMERIZATION

Photochemistry for spatio-temporal control of reaction -> polymerization

Me Me
1(0.005 mol %) o Br
Visible Light : i
0© TOMe 2, DMF, RT Ph
3 0° "OMe
M, = 7.8 kg mol™
M,/ M, =1.28

Hawker ACIE 2013 51, 8850. DOI: 10.1002/anie.201203639
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POD 4

For the transformation below, propose a role of light in the reaction.

(m-Tol)sR, O O hv (13-watt CFL): 74% vyield

Cu=N + Ph-l » Ph—N dark: <1 % yield
(m-Tol)sP O rt, 10 h, MeCN O
C @ @
oo LnCu—N [Ar—X]®* — L,,Cu—N Are X© —

R3P\ O hy

Cu—N Ar—X —= Ar—N
% SET

) ) )

(R = m-tol) X—CuL,—N Are
(R =Ph) o3 —

N =

Fu Science 2012, 338, 647. DOI: 10.1126/science.122645
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12.4.1 METALLAPHOTOREDOX

ligand field modulation

A
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chelation and sterics

a. Traditional approaches to controlling catalyst properties

stoichiometric redox manipulation

favors reductive

n+1
elimination M

favors oxidative
addition

|rlll

e

b. Photoredox catalysis accesses organic radicals with visible light

Me
Me

Me

oxidation/reduction
MLCT N fas energy transfer
then 2
ISC

Me
\ﬁMe
Me

present in catalytic amounts

Pd (NI

Cu Mn Co

c. Metallaphotoredox activates abundant functional groups towards transition metal catalysis via one-electron pathways

H
N (0)
H

o7 oM o

expanding the synthetic reach of cross-coupling

) £
calcs

MacMillan Chem Rev 2022, 122, 1485. DOI:

10.1021/acs.chemrev.1c00383
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12.4.1 METALLAPHOTOREDOX

CO,H N
Boc \—Hﬂ —COQ/ Boc S
3 SET 4 l
/ \ Boc Me
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*|I’"I (2) |r|| (11)
Qpdeit reductant
Photoredox
Catalytic 10
Cycle / LNil—1
SET
V|S|b|e
I (1
ght Nickel |
5 LnNi° Catalytic Ly Nu'"—Ar
Cycle
I« :
Me
aryl halide 6 |
|
L,Ni'—Ar z
7

MacMillan Chem Rev 2022, 122, 1485. DOI: 10.1021/acs.chemrev.1c00383
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12.4.2 NICKEL: FROM PHOTO- TO THERMAL CATALYSIS

B Photoredox catalysis F

R R

Nu = NRj, OR, O,CR
g - : tBu Photocatalysts

Br [Ni] Nu F.C | N % g@
Photocatalysts 3 3t F ) 34

H-N N IS
Qi]+ u hv Et] tBWE;ﬁibN NN

C Light-free access to photoredox-like reactivity

Br [Ni] Nu 30 2
@ + H-Nu Heteroger;eous redn i Eg sl;lsl
R NO{ light R Ni(l/) cycle

Nu = NRj5, OR, O.,CR

Ni(1) + Ni(lll) —s<= 2 Ni(ll)

O
i - 5% (dtbbpy)NiBr;, x equiv Zn° o JIt
i Base
+ ! 2
HO Ph DME
X equiv 40°C, 24 h
0
200 mM o)

Nocera ACIE 2020 59, 9527. DOI: 10.1002/anie.201916398

Nu-H+Base [BaseH][Br]
lBr Nu
: |
LaNi™ Ar LaNi'L Ar
Ar—Nu X X
Thermal Catalysis
AR LobiFX Ar-Nu
[e7]
L,Ni'-X

C
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12.4.2 NICKEL: FROM PHOTO-

hv = .
Me y t-Bu S
Fey 1 \H‘ﬁl\ : ‘ L =N,
’N,,' - " "Nll—CI
NIQ ] [~ <N”
SN cl & 9 Me
! P> t-Bu
t-Bu 1 ==
| - Y

Sd-d state with weakened metal-ligand bonds

» photoinduced Ni—aryl bond homolysis « entry into Ni(l) catalysis

Doyle JACS 2020 142, 12, 5800. DOI: 10.1021/jacs.0c00781
DOI: 10.1002/anie.202012877

MAX PLANCK INSTITUTE OF COLLOIDS AND INTERFACES | DARIO CAMBIE, BIOMOLECULAR SYSTEMS

TO THERMAL CATALYSIS

Ni complex A (10 mol%) H
Br
N2 N 390-395 nm LEDs 2 VI
R | + | R R | —R?
X = DIPEA (3.0 equiv) >~ 8
toluene (4.0 mL)
Nitroarenes Aryl bromides 70°C, 12 h Diarylamines

0.2 mmol 0.4 mmol

(4) Direct amination of aryl bromide with nitroso compound by in-situ generated Ni(l) complex

NO
¢ ~he
Br 1) Ni complex A (0.2 mmol) MeO i
/©/ puripe light, toluene, 70 °C, 60 min  3) (0.1 mmol)
MeO,C MeO CO,Me

2)r.t., 60 min DIPEA (3.0 equiv) 3
2 (0.4 mmol) tol;aerce (122n:1[_) Light 40%

No light: 51%
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12.4.3 PHOTO-PROMOTED KUMADA

This work: Light-promoted Fe-catalyzed Kumada—Corriu cross-coupling reactions

r.t., 5-20 {nin

c' + m Alkyl

= Nontoxic, sustainable catalyst
= Neutral + electron-rich aryl chlorides

; > SIPr-HCI oxidative
= Mild, efficient, scalable s
Ar = neutral / electron-rich, Fe(ﬁﬁacc):*’ + RMgCl addition fiﬁ.r
heteroaryl Ar-Cl Cl—[Fe'lL]
.
R-H + R-MgClI
MgCl, transmetalation/
Fe(acac); <M9Cl ; metathesis
Kinetic profiles EelPr ™% [FelLal Ar MgCl
2
a) —e—w/light —e—wj/o light b) —o—w/ light —e—w/o light R —[Fe"'L ]
100 100 L
80 80 =
3 60 3 60 /©/O Ar-R n_:"dl_mt‘;?e
2 40 2 4 s elimination
20 20
0@ 06
0 S 10 15 0 5 10

15
Time (min) Time (min)

Noel ACIE 2019 58 13030. DOI: 10.1002/anie.201906462
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